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The article examines the features of the automated design of micro- and single electron nanosystems
focused on the implementation of programmable logic functions. In this work, structured programming does
not mean the development of algorithms for processing multi-argument functions by changing working pro-
grams, as reproduced by a microcontroller, but rather technological changes in configurations and settings
of large micro- and nanosystems in such a way as to implement functions at the logical-structural level. The
main advantage of circuit programming over specialized ones is lower cost, which is important in small-scale
production. The use of multiplexers in micro- and nanocircuits makes it possible to implement a variety of
Boolean and majority functions necessary for the construction of logic elements. The proposed methods pro-
vide the ability to effectively configure logic circuits, including multi-functional blocks for implementing
complex logic operations. The paper presents the results of the implementation of the latest technologies for
automated programming of single-electron nanocircuits with quantum cellular automata. Using a modern
automated design system (computer-aided design) QCA Designe, majority and Boolean functions based on
nanomultiplexers were synthesized. Simulation of timing diagrams under cryogenic temperatures confirmed
the loss of their operability in space conditions. The results of computer design of single electron nanodevices
obtained in the article confirmed their advantages over microelectronic analogues in terms of minimal en-
ergy consumption and higher speed. The presented results and their analysis indicate opportunities for fur-
ther improvement of micro- and nanoelectronics design technologies.

Keywords: Programmable logical structures, Micro- and single electron nanocircuits, Majoritary functions,
Automated programming, Multiplexers, Criogenic tempretures.
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1. INTRODUCTION

Automated design of micro- and single electron
nanosystems with programmable logic does not involve
the possibility of creating algorithms for processing
multi-argument input functions by changing working
programs, as is usually implemented in microcontrol-
lers. This refers to the introduction of technological
changes to the internal structure of electronic circuits to
ensure the synthesis of the necessary functions at the
structural and logical level.

2. ANALYSIS OF THE LATEST RESEARCH

The development of research in the field of program-
mable micro- and nanocircuits is gaining momentum,
and significant attention of researchers is directed to the
automated hierarchical design of such systems. The first
significant achievements in this field became possible
due to the creation of multi-structural systems based on
universal functionally complete modules, which are a
promising trend in the development of modern electron-
ics [1]. These works demonstrate the possibilities of au-
tomated design of micro- and nanocircuits capable of im-
plementing 16 two-argument and 256 three-argument
functions using multiplexers [2]. However, there are se-
rious difficulties in optimizing these circuits, which
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causes their considerable complexity and limits the uni-
versality of application. An important aspect of research
has become the improvement of micro- and single elec-
tron nanocircuits programming methods for the imple-
mentation of various functions of logical algebra [3]. Sci-
entists proposed effective algorithms for automated pro-
gramming of microcircuits with a high level of integra-
tion, which became the basis for the further development
of single electron nanodevices with programmable struc-
tures [4]. Despite significant progress in this area, the is-
sue of achieving effective automated design is still rele-
vant, and the problem of simplifying algorithms and their
exact reproduction is the subject of active discussions [5].

The effect of temperature conditions on the perfor-
mance of single electron nanocircuits requires special at-
tention, in particular, operation at cryogenic temperatures
[6]. Studies indicate that such conditions can significantly
affect the operation of nanodevices, which stimulates the
search for new approaches to increase their quality and
stability of functioning [7]. Also, the problem of synchro-
nizing these schemes remains relevant, which creates ad-
ditional challenges for their implementation. Thus, the is-
sues of improving the quality of micro- and nanocircuits
with programmable logic remain important and require
further research and improvement [8].
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3. DESIGNING COMBINATIONAL MICROCIR-
CUITS ON MULTIPLEXERS

To use multiplexers in the design of combinational mi-
cro- and nanocircuits, the signals of some arguments of
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the reproduced function are fed to the address inputs, and
the information inputs play the role of programmable

nanostructures.

Fig. 1 shows the conventional designation (a) of the
multiplexer (8—1).
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Fig. 1 — Multiplexer (8—1) (a), its truth table (b) and its equivalent microcircuit (c)

From the truth table after the transformations, the
function of the logic algebra of the multiplexer (8—1)

takes the form:

Y =S0S15240 +S0S1S2 A1 + 50515242 + 505152 A3 + S0S1S2A4 + S0S1S2 A5 + S0S1S246 + S0S1S52 A7 (1)

To reproduce four-argument functions, it is neces-
sary to carry out a transformation to obtain disjunctive
normal forms (DNF). Using, for example, de Karnaugh
map for the function:

X1X2\X3X4 | 00 01 11 10
00 0 1 0

p! LT

=

01 0 0 0 1
11 1 1 0 1
10 0 1 1 1
we will get its minimized DNF:
y = x3x4 + x2 x3x4 + x1x2x3 + x1x2x3 (2)
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Fig. 2 — Eight-input PMNM on microelements (a) and in the macrobody (b)

01016-2



AUTOMATED PROGRAMMING OF MICRO- AND SINGLE ELECTRON...

JJ. NANO- ELECTRON. PHYS. 17, 01016 (2025)

a

File Edit View Simulation Help Search Intel FPGA |‘

DL L EESSE e -
Master Time Bar |0 ps | |I| |Z| Painter ‘Z'I 05 ns ‘ Interval: |2‘I 05 ns | Start: | | End: |
Value at !O ps 160,0 ns 3200 ns 480,0 ns 5400 ns 8000 ns 960.0 ns =
Mame
0ps 0ps
N

B In® BO

B m B1

B BO |

B xz BO

B X3 BO \ \ | | \ | | |

B X BO

B v g0 BN R R L] L
b

Fig. 3 - Automated configuration of PMNM (a) and time diagram of the programmed function (b)

4. RESULTS AND THEIR DISCUSSION

The final programming table of the eight-input pro-
grammable micronanomultiplexer (PMNM) (8—1) for the
implementation of four-argument functions was obtained
from the above examples (Table I). According to fig. 1c, the
PMNM was built on the basis of the computer-aided de-
sign system (CAD) Quartus [7] (Fig. 2) from logical ele-
ments (a) and from a separate element in one case in the
form of a macro diagram (b).

In Fig. 3 shows the scheme of the computer implemen-
tation of function (2) on the PMNM (a), which is configured
in the disjunctive canonical form of the conjunctions of the
constituents of the unit according to the truth Table 1:

f=Y(1,27910,11,12,13,14) 3)

Let's decompose the previously obtained function by
the older variable, as a result of which it will have the
form:

f=x1*[+(1,2,7)] + x1 = [+(1,2,3,4,5,6)] (4)

From equation (4) we obtaine the next algoritm pro-
gramming of the multiplexer (8—1):

1) apply X7 to input 7,

2) apply x; to inputs 3,4,5,6;

3) apply 1 to inputs 1,2;

4) apply 0 to input 0.

Figure 3b shows the simulation results of function (4).

Table 1 — Summary truth table for the function (4)
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Quantum cellular automata (QCA) is a paradigm of
computing, according to which information is repre-
sented by a certain configuration of electrons in the cell
of the QCA, which is formed from one or two separate
molecules [8]. Devices based on this technology consist
of nanoscale dielectric cells with four quantum semicon-
ductor dots located at the corners and two mobile elec-
trons [9].
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The previously created PMNM is now implemented
on the basis of single-electron majority nanocircuits on
CAD QCADesigner [6] (Fig. 4a). It is designed on the ba-
sis of schemes from Fig. 2a and Fig. 3a and consists of
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24 majority elements (ME) that perform the functions of
logical elements. Fig. 4b illustrates the results of model-
ing its time diagrams, which completely coincide with
the truth table (Fig. 1c).
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Fig. 4 — Programming PMNM on quantum cellular automata (a) and oscillograms of operation (b)

Figure 5 shows the generalized results of simulation
of the effect of cryogenic temperatures on the functioning
of PMNM. Obviously, with even an insignificant in-
crease in temperature from 0 to 25 K, not to mention up
to 300 K, the ability of PMNM to perform logical opera-
tions is completely lost (Fig. 5a). MEs become unable to

detect single, informationally important, electrons un-
der conditions of increasing concentration of thermally
generated background charge carriers (Fig. 5b). This, in
turn, makes it impossible for single-electron nanocir-
cuits on spacecraft to fail even at cryogenic and, espe-
cially, at normal temperatures [10].
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Fig. 5 — Rezults of modeling for decline pulse characteristics of PMNM at cryogenic temperatures: a) degradation of initial charac-

teristics at 7'= 20 K, b) its graph of temperature dependence
5. CONCLUSIONS

As a result of the executed research, methods of au-
tomated programming of micro- and nanosystems based
on multiplexer structures were developed, which demon-
strate high efficiency in the reproduction of complex log-
ical functions. The created algorithms allow flexible con-
figuration of programmable structures for the imple-
mentation of both Boolean and majority functions,
which significantly expands the functionality of single-
electron nanocircuits. Modeling confirmed the adequacy
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ABTOMAaTH30BaHE MPOrpaMyBaHHA MiKPO- TA OQHOEJIEKTPOHHNUX HAHOCHCTEM
0.C. Mesnpuug, B.O. Koszapesuu, 10.M. Kymuipernko
Jleporcasruii ynisepcumem «Kuiscorkuli agiayitinuti incmumym», 03058 Kuis, Yrpaina

VY crarTi mocsiazreHO 0COBIMBOCTI aBTOMATH30BAHOIO IIPOEKTYBAHHS MIKPO- TA OJHOEJIEKTPOHHUX HAHO-
CHCTEM, OPIEHTOBAHMX HA Peai3arfiio IMporpaMOBAHUX JIOTIYHUX (PYHKINN. Y I1i#l pobOTi Il CTPYKTYPHUM
TPOrpaMyBaHHAM PO3YMIETHCA HE PO3POOKA AJITOPUTMIB O0POOKM OaraToapryMeHTHUX (DYHKITIH IIIISIXOM
3MIHK POOOYUX IIPOrPaM, BiATBOPEHHUX MIKPOKOHTPOJIEPOM, a TeXHOJIOTIUHI 3MIiHM KOHQITYpaIlii 1 HaJIaIiTy-
BAHDb BEJIMKUX MIKPO- 1 HAHOCHCTEM TAKUM YMHOM, 1100 peaidoByBaTH (PYHKIIII Ha JIOTIKO-CTPYKTYPHOMY Pi-
BHI1. ['o10BHA TIepeBara cxeMHOTO IPOTPaMyBaHHS IIepPe]T CIIeIiai30BaHUM — MEHIIA BaPTICTh, 10 BAYKIIBO
pu JApiOHOCEPIMHOMY BUPOOHUIITBI. 3aCTOCYBAHHS MYJIBTUILIEKCOPIB Y MIKPO- Ta HAHOCXEMAaX JI03BOJISIE pe-
aJi3yBaTH PI3HOMAHITHI OyJIeBi Ta MasKOpUTAPHI (PYHKIIT, HEOOX1THI JJIs TO0YI0BH JIOTTYHNAX eJIEMEHTIB. 3a-
TIPOITOHOBAHI METOTH 320€3MeUyI0Th MOKIUBICTE e()eKTUBHOTO KOH(ITYPYBAHHS JIOTTUYHUX CXE€M, Y TOMY THCJI
b6araToyHKITIOHATEHUX OJIOKIB JIJIS peasris3ariii CKIQTIHUX JOTIYHUX omeparriit. Y poboTi HaBeJIeHO pe3yJib-
TaTU BIPOBA/KEHHS HOBITHIX TEXHOJIOTIM aBTOMATH30BAHOIO IIPOrPAMYBAHHS OJHOEJIEKTPOHHUX HAHOCXEM
3 KBAHTOBMMH KOMIPKOBMMM aBTOMATAMH. 3a JOIOMOIOK CYydYaCHOI CHCTEMU aBTOMATH30BAHOIO IIPOEKTY-
BaHHA (Komm'iorepHoro npoerryBannsa) QCA Designe cuHTesoBano mMaskopurapHi Ta OyseBi yHKII Ha oc-
HOBl HAHOMYJIBTHILIEKCOPIB. MoIesIioBaHHSA YacOBUX JlarpaM B yMOBaX KPIOT€HHHMX TeMIIepaTyp IIiITBep-
JIAJIO BTPATY iX Ipares3gaTHOCTI B KOCMIYHUX yMoBax. OTprMaHi B CTATTI pe3yJIBTATH KOMII I0TEPHOIO IIPOEK-
TYBaHHSI HAHOIIPUCTPOIB HMIATBEPINIIN X IIepeBaru mepes MiKpOeJIeKTPOHHUMY aHAJIOTAMH III0JI0 MiHIMAJIb-
HOT'O eHeproCIOo:KUBaHHs Ta O01abmrol mBuaromdil. [Ipegcrasieni pesyipraTy Ta IX aHAII3 BKA3yOTh HA MOXK-
JIMBOCTI TIOJAJIBIIIOTO BIOCKOHAJIEHHS TEXHOJIOTIH IIPOEKTYBAHHS MIKPO- Ta OTHOEJIEKTPOHIKH.

Kiouosi cnosa: [Iporpamosasi sioriusi crpykrypu, Mikpo- Ta ogmoesekTpoHHl HaHocxemu, OCHOBHI (yHK-
mii, ABromaru3oBase nporpamyBauus, Mysbrumiekcopu, Kpiorenui Temneparypu.
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